Abstract: Jupiter's Trojan asteroids fulfill the prediction of Lagrange that orbits can be 9 stable when a small body orbits in specific locations relative to its 'parent' planet and the 10
INTRODUCTION 23 24
Since the first Jupiter Trojan was found in 1906, many other similar objects, following or 25 preceding Jupiter along its orbit, have been discovered. The three possible classes of co-26 orbital motion, Trojan libration near a Lagrange point, horseshoe motion along the 27 planet's orbit, and quasisatellite libration in the vicinity of the planet, have now been 28 observed in the Solar System. However, most objects associated with Jupiter appear to be 29
Trojans. The number of co-orbital companions of Jupiter being very large, that they 30 should all be restricted to this class of motion deserves investigation. The increase in 31 number of known Jupiter Trojans has been dramatic in the past decade, as observing and 32 computing power available to astronomers has improved. Despite large amounts of 33 theoretical work for Jupiter Trojans, the long-term dynamics of individual real objects, 34 which can be related to questions of origin and fate, has not been investigated in detail. 35
To study this requires a large-scale numerical survey of the Jupiter Trojan swarms, and an 36 attempt to classify and group the motions currently undergone by these bodies. We have 37 done this with special attention to asteroids potentially undergoing horseshoe motion in 38
Jupiter's co-rotating frame. 39 40 2. BACKGROUND 41 ephemerides give its magnitude on that date as about 15.3. Wolf noted its slow rate of 45 motion (which would be as compared to Main Belt asteroids) at once but does not appear 46 to have made special efforts to follow the object. He originally called the object 1906 TGand by the time of publication of its naming as Achilles (Wolf, 1907) , the two other 48
Trojans Patroclus (1906 VY) and Hector (1907 XM) had been found and recognized as a 49 group of "sonnenfernen" (distant from the Sun) objects. These Trojan asteroids, by being 50 at very nearly the same semimajor axis as Jupiter, approximately share its mean motion 51
(1:1 resonance). Since interactions with other bodies are minimal, Trojan motion is 52 usually explained analytically in terms of three-body theory. This was pioneered by 53
Lagrange, who in 1772 presented his "Essai sur le problème des trois corps" to the Paris 54 Academy in a prize competition. One aspect of such motion was the presence of points of 55 stability now referred to as Lagrange points. Lagrange apparently believed his 56 mathematically elegant theory, some aspects of which are discussed below, to be of 57 theoretical interest only (Wilson, 1995) . Shortly after Wolf's (1906) announcement, 58
Charlier (1906) at Lund made the connection to Lagrange's theory, including suggesting 59 a libration period of 148 years. The finding of 1906 VY (Patroclus) allowed Charlier 60 (1907) to make this connection yet firmer, identifying this object to lie at one Lagrange 61 point (L 4 ) while Achilles lies at the other (L 5 ). Subsequent discoveries in the intervening 62 century have allowed subtle aspects deriving from Lagrange's theory to be examined. 63
Trojan motion can also be viewed in terms of resonance. Resonances can serve to 64 destabilize certain orbits, such as the Kirkwood gaps found in the main belt. Conversely, 65 resonances are also capable of producing stable orbits, as is the case with the Trojans, in 66 6 noticeable vertical dispersion. Despite this tendency to large inclinations, the theory of 111 three body motion still can be applied, with some complications beyond those of the 112 restricted problem but with similar results, as will be discussed below. Characteristic 113
Trojan orbits as seen in Jupiter's co-rotating frame (Fig. 3) against cumulative logarithmic frequency count in Fig. 3b . Using a least-squares fit to the 143 absolute magnitude distribution, slope parameters m were obtained for the ranges 7-9.5 144 absolute magnitude and 9.5-12.5 absolute magnitude. Assuming that the radii of Jupiter 145
Trojans follow a power-law distribution n(r) = Ir -q dr (I being a constant) such that n 146 objects are within the radius range dr, q is related to the calculated slope parameters m by 147 the relation q = 5m + 1 (Jewitt et al., 2000) . For absolute magnitude < 9.5, q is calculated 148 as 5.315, and between 9.5 and 12.5, q is 2.98, (Fig. 5b) . These agree within error with 149
Jewitt et al.'s (2000) calculation of 5.5 +/-0.9 and 3.0 +/-0.3 for absolute magnitude for 150 the same respective magnitude ranges, which applied to the L 4 cloud. We can confirm the 151 slopes and break in the size distribution using present improved catalog data rather than 152 requiring a large telescope to do a survey. However, the second break at absoluterepresent leftover material from the formation of Jupiter, while the small-size population 159 is collisional fragments. Since we now confirm the result of Jewitt et al. (hamilton.dm.unipi.it/cgi-bin/astdys/astibo), using 1510 objects (Fig. 7) . Sun than any other planet and the sun presents the most unstable three-body scenario for 316 horseshoe objects. Dermott and Murray (1981) note that horseshoe objects for a low 317 mass ratio between the Sun and the host planet are stable over much longer timescales 318 than for higher mass ratios. This is because the high mass of the planet amplifies the close 319 encounter effects between the planet and the horseshoe librator. The lifetime is given by 320
, where T is the orbital period. For Jupiter this value is only 10 6 years and 321
Dermott and Murray stated the expectation that there should be no horseshoe librators. 322
We confirm this expectation by having determined that there are no known Jupiter-323 associated objects with well-defined orbits exhibiting horseshoe behaviour, among 1618 324 objects examined. Further deep surveys would be useful, as the domain where collisional 325 fragments may be injected into horseshoe orbits could then be explored and a timescale 326 for collisions inferred. We note that if one integrates short-arc objects, they often appear 327 to have a horseshoe orbit. We do not have a precise explanation of why poorly defined 328 orbits should often appear to be horseshoes, but merely note this fact and caution that 329 well-determined orbits are essential in such studies. 330 331
Most Trojan-like non-Trojan 332 333
The asteroid 118624 (2000 HR 24 ) appears to be circulating rather than in 1:1 resonance 334 despite being within the limits within which resonant behaviour is possible. This object 335 was one of the only Jupiter Trojans which was exhibited behaviour warranting further 336 investigations, as well as having a well-defined orbit. It had a noticeably smaller semi-337 major axis than most of the other Trojan candidates; as well, its current x-y position 338
shows it to be on the other side of the Sun from Jupiter, placing it outside of the main 339 swarms (Fig. 2) , indicating possible horseshoe motion. However, further integrations and 340 a clone study showed it to be simply circulating and not in fact in any kind of resonance 341 with Jupiter, a result already noted by Beauge and Roig (2001) . It is possible that this 342 object is in fact a recently-escaped Jupiter Trojan from one of the swarms, however this is 343 not hinted at by the clone study: as can be seen from the graph, it is more likely that 2000 344
HR 24 approximately one thousand years ago had a semi major axis of about 4.5 AU, 345 slightly less than its current value (Fig. 9) . This can be deduced from the density of the 346 traces near that time. However it is clear that the traces diverge about 600 years back and Examination of the semi−major axis of 2000HR24
